of the low efficiency of both histological methods and antibody assay. Y-specific DNA is now available as a probe for embryo sex determination, and it should be useful for bovine embryo sex determination [5] . The SRY gene construction which is considered to direct sex differentiation was cloned and introduced into a mouse pronuclear egg. The SRY gene induced male young with XX sex chromosome complement [6] , which suggested that the SRY gene used here is related to sex differentiation. Application of genetic type to DNA diagnosis is utilizable, although the amount of DNA is so low that radio-isotopes must be used. However, the polymerase chain reaction (PCR) which amplifies repeatedly the targeted DNA enables effective detection of DNA. By the PCR methods, a targeted DNA can be amplified million times during several hours by PCR. On the basis of the principles, sex of human preimplantation embryo was identified by the PCR method using the human Y-specific DNA fragment [7] . In the PCR method for sex determination, the DNA fragment of either the testis-determining factor (TDF) or highly conserved repeated DNA sequence on Y chromosome have been used as primer. But comparative studies have not been made on the PCR analysis for embryo sexing with the various primers related to TDF.
In this study, the sex of embryos of several animal species including cow was examined by PCR using TDF candidate gene such as mouse Sry DNA sequence [8] and human SRY DNA sequence [3] or bovine Y-chromosome-specific DNA sequence [9] . Especially, the sex of bovine embryos predicted by the H-Y antibody and by chromosome analysis was confirmed by this PCR procedure. Biopsied embryos for DNA analysis were transferred into recipients to prove fetal sex. Embryonic DNA amplification for rabbits, mice and rats, and cows which was carried by using primer-I (Sry-1), primer II (Sry-2), and primer III (BOV97M), respectively.
A portion of the embryonic DNA from an embryo mixed with 120 to 600 ng primer and 0.2 mM dNTP as substrates in the PCR buffer solution (10 mM Tris-HCI pH 8.3; 50 mM KC1; 1.5 mM MgCl2; 0.01% geratin) and then boiled for 5 min. The targeted DNA in the reaction mixture was amplified by PCR followed after adding 0.5 to 1.5 unit Taq polymerase.
The biopsied samples of bovine embryonic cells were washed with PBS (-) containing 4 mg/ml PVP, boiled for 5 min, and its DNA was amplified using bovine specific primer (bGH) as a positive control, besides the male specific primer. Fig. 1-a shows the electrophoretic pattern of somatic cells DNA amplified by PCR using Sry-1 as a primer (primer-1). The resulted banding of 198 by was detected in only the male somatic cells (blood or liver) of humans, rabbits, mice, rats and goats, except bovine male cells. In ovine cells, however, the banding of 198 by was detected in both male and female cells. Except for ovine cells, no bands related to Sry-1 were found in female cells tested here. These findings suggest that PCR using Sry-1 used as primer in human testis determination enabled the identification of sex in human, rabbit, mouse, rat and goat cells. Fig. 1-b shows the electrophoretic pattern of cellular DNA amplified by PCR using Sry-2 (primer-2). A band of 266 by was detected in the male mouse and rat cells, but not in male human, bovine and rabbit cells. No banding was detected in female cells tested here. These findings suggested that PCR using Sry-2 (partial DNA sequences of mouse Sry) as a primer (primer-2) enables cell sex determination of mice and rats cells. (Fig. 2-a) . Three bands, 150, 250 and 500 bp were detected in male goat cells, not in female goat cells. Two bands of 200 bp and 400 by were detected in male and female ovine cells, a band of 100 bp was detected only in male ovine cells. Thus, BOV97M and bovine Y-chromosome specific DNA sequences enable sex determination of bovine and ovine cells. There was no difference in the electrophoretic patterns between the DNA samples derived from the 2 DNA extraction methods, mehtod 1 (original method) and method 2 (conventional method). Since DNA could be extracted from cells sufficiently by methods 2 when DNA was amplified by PCR, it was used for DNA extraction. On upper agarose gel electrophoresis (a), male cells of humans (2), goats (6), mice (8) and rats (10) gave SRY-band, but female cells of humans (3), goats (7), mice (9) and rats (11) gave no bands specific for SRY. In cattle, neither male (4) nor female (5) cells gave a band related to SRY.
On lower agarose gel electrophoresis (b), male cells of mouse (6) and rat (8) gave a Sry-band, while female cells of mouse (7) and rat (9) gave no bands specific for the Sry-band. No bands related to the Sry were produced in either male or female cells of humans (1, 2), cattles (3, 4) or rabbits (10, 11). On right agarose gel electrophoresis (b), male cells of cattle (2) and goat (4) gave a BV-1 band, but female cells of cattle (1) and goat (3) gave no bands specific for BV-1. In sheep, neither male (6) nor female (5) cells gave bands related to the BV-1 band.
On left agarose gel electrophoresis (a), male cells of cattle (2, 3, 4 and 5) gave both a BV-1 band and GH-1 (754 kbp) band, but female cells (7) of cattle gave only the GH-1 band. The sex of the embryonic cells was analyzed. Fig. 3 -a shows the electrophoretic pattern of rabbit embryonic cell DNA amplified by PCR using Sry-1. Bovine embryonic cell DNA was amplified by PCR using BOV97M and GH-1 as primers (Fig.  3-b) . Banding of embryonic DNA in both species appeared male-specific, as was that of male somatic cell DNA. For bovine embryonic cells, the 754 by band of DNA (DNA of bovine growth hormone gene) which was amplified as an internal standard was detected in both male and female samples, while the 141 by banding was detected only in male embryonic cell DNA. Considering the 50 to 50 sex ratio in the embryonic cell tested here (Table-1), the sex of mouse and rat embryos could be predicted by PCR using Sry (Sry-2), and the sex of rabbit embryos could be predicted by PCR using SRY (Sry-1), and bovine embryos by PCR using BOV97M (BOV-1). When bovine embryos sexpredicted by H-Y antibody were again analyzed by PCR (Fig. 4-b) , 14 of the 15 embryos presumed as male and 16 of the 20 embryos presumed as female were of the same sex as presumed (Table- 2). DNA of whole embryos or of the biopsied embryos was amplified by PCR, because the biopsed embryos were transferred into a foster mother.
3. Sex determination in biopsied embryonic cell
To confirm the sex of biopsied embryos predicted by PCR, the sex chromosome was examined.
Chromosomal sex in all 4 biopsied embryos coincided with the sex (Fig. 4-a) of the biopsied embryo sex-predicted by PCR methods (Table 2 ). The sex of all biopsied cells except for one sample of a partially removed trophoblastic cell could be predicted by PCR (Table 3) . To determine the ability of biopsied embryos to develop to full term, biopsied embryos which were in vitro cultured to reform the blastocoel within several hours were transfered into a synchronized recipient. Three of 8 recipient cattle became pregnant, 2 calves of which were born with the same sex as predicted.
Discussion
The sequence related to the sex-determining region should be selected as a primer for sexing. Several primers such as PAR neighboring region (monkey; Palm et al., [17] and ZFY (human; Page et al., [18] ) near the TDF on Yq chromosome or DYZ-1 (human: Nakahori et al., [19] ) and DYZ-2 (human; Weisenbach et al., [20] on the repeated sequence of Yp chromosome have been used for making sex determinations using somatic cells. There is little research on the embryo sexing using a primer related to a sex determinant such as Sry. Furthermore, the findings obtained previously were varied in every experiment, because the sequence of amplified DNA differed, with the variation of the primer used then.
Human Sry-1 [8] enabled amplification of the DNA of human and rabbit male cells, and mouse Sry-2 [3] enabled amplification of the DNA of mouse and rat male cells. The sex determining factors were preserved in all species. Sry-1 could not amplify the DNA of bovine male cells, which was amplified only by BOV98M [9] . These findings showed that the DNA sequence of SRY used here as a primer was not entirely in accordance with that of the bovine SRY region. Therefore, the bovine DNA sequence specific for sex determination was not amplified. Otherwise, when a minor change of the DNA sequence such as point mutation, small deletion or insertion occurred in the target region according to the amplified DNA [21], such DNA sequences could not be amplified. 
